Background-Obesity is a known cardiometabolic risk factor in children. In adults, pulse pressure (PP) is a known predictor and a risk factor of cardiovascular (CV) diseases. In this study, we examined the association between measures of obesity and PP in children.
Introduction
Emerging evidence from recent studies reveals that pulse pressure (PP) is an independent predictor of, and a risk factor for, coronary heart disease (CHD) and left ventricular hypertrophy (LVH) in both normotensive and hypertensive adults. [1] [2] [3] [4] It has been reported to be a more reliable marker of CHD than either systolic or diastolic blood pressure (BP) in the adult population. 5 Change in PP for a given stroke volume is directly related to vascular stiffness, which could be either functional or structural in nature. 6 Recent studies in children revealed that there is a direct relationship between increased arterial wall stiffness and various demographic/clinical factors such as gender, 7 development, 8, 9 intrauterine growth retardation, 10 and serum cholesterol level. 11 Obesity is known to be one of the leading preventable causes of cardiovascular (CV) disorders, independent of other metabolic abnormalities such as hypertension, insulin resistance, and hyperlipidemia. [12] [13] [14] [15] There are several anthropometric measures that help to determine the differences in body fat distribution such as body mass index (BMI), waist circumference (WC), waist to height ratio, and waist to hip ratio that were shown to have an independent relationship to CV risk factors during childhood. [16] [17] [18] However, to date there are no studies that have looked at the association between PP and body fat indices such as obesity based on BMI and WC, a measure of central obesity, in children.
The aims of the present study are to analyze the prevalence of wide PP across age, gender, and ethnicity and to determine the association between different measures of obesity and PP in a nationally representative sample of children in the United States, ages 6-17 years, using the data obtained from the Third National Health and Nutrition Survey (NHANES III) conducted between 1988 and 1994.
Methods

Sample Selection
Current study data were obtained from NHANES III that was conducted between 1988 and 1994. It was a cross-sectional survey on a representative sample of US civilian, noninstitutionalized population of children and adults between the ages of 2 months to 65 years. Select subgroups were over sampled such as young children, older persons, as well as Blacks and Hispanics. 19 This survey used a stratified, multistage probability design. Details of the survey design can be found in the NHANES III Operational Manual. 19 We identified 6961 children between the ages of 6 and 17 years and after excluding those with missing data on core variables, there were 4671 children identified, out of which 4 more were excluded because of receiving antihypertensive medications. Our final study population included 4667 children whose data were used for analysis.
Grouping of Study Population
We divided the total population into two groups, obese and non-obese based on BMI criteria, and compared them across their demographic and clinical characteristics. To assess the age dependent differences in cardiac parameters, we divided them into two groups: younger (6-12 years) and older (13-17 years) . For the purpose of statistical analyses, they were also categorized according to gender (boys and girls), ethnicity (White, Black, and Hispanic), height percentiles (<50th and ≥50th percentile), BP status (normal and high), and the PP quartiles (normal and wide).
Measurements
BP Measurements-Three BP determinations were obtained on all eligible individuals using a mercury sphygmomanometer by a trained physician or a health technologist, who participated in the NHANES III data collection at the medical examination site or during home visits. Both systolic and diastolic BPs were obtained three times, 30 seconds apart on the same day of visit. Average of these three measurements were entered in the NHANES III database as a single value for each individual child. 19 WC Measurements-This measurement was taken using a steel measuring tape to the nearest 0.1 cm at the high point of the iliac crest at minimal respiration when the participant was in a standing position. The examiner stood behind the participant, palpated the hip area for the right iliac crest, marked a horizontal line at the high point of the iliac crest, and crossed the line to indicate the mid-axillary line of the body. The examiner then stood on the participant's right side and placed the measuring tape around the trunk in a horizontal flat surface at the level marked on the right side of the trunk. The recorder observed the participant to ensure that the tape was parallel to the floor and that the tape was snug, but did not compress the skin. 19 
Core Variables and Definitions
BMI-BMI was calculated by using the following equation: BMI = weight (kg)/height (m) 2 . Then BMI percentiles were determined from previous standardized data adjusted for age and gender. 20, 21 BMI-Based Obesity-A BMI value of ≥95th percentile indicated obesity. 20 WC-Percentile value was determined for each individual child based on the standard data adjusted for age and gender. 22 We defined high WC as >75th percentile.
Height-The height percentiles were determined from the standardized growth chart. 21 Subjects were then divided into subgroups of those who had <50th percentile and ≥50th percentile to assess the relationship between height and other variables.
PP Quartile-PP is the difference between systolic and diastolic BPs. We determined the PP quartiles for the total population and considered the 4th quartile as wide PP.
BP-Data on systolic and diastolic BPs were used to identify the BP percentiles adjusted for age, gender, and height, according to the standards created by the "Fourth Report on Blood Pressure Prevention and Education Committee." We defined high BP as systolic and/ or diastolic BP ≥90th percentile (that includes both prehypertension, which is from the 90th to <95th percentile or in adolescent children systolic BP >120 and diastolic BP >80, and hypertension, which is ≥95th percentile). 23
Statistical Analyses
All variables were stored and analyzed using SAS (SAS Institute Inc., Cary, North Carolina) and adjusted for the complex oversampling design. Standard descriptive statistics, two-tailed Student's t-tests, and analysis of variance were employed for continuous variables. We used dichotomous variables indicating whether a participant had normal or high BMI, normal or high WC, and normal or high BP. Pearson's chi-square was performed for dichotomous categorical variables to examine the level of statistical significance between two variables. Stepwise logistic regression analysis was performed where appropriate to identify the adjusted odds ratio for the 4th PP quartile independent of other variables. A P value less than .05 was considered statistically significant.
Results
There were 4667 participants ages 6-17 years; 51% were boys. The detailed demographics and clinical characteristics for the total population and for the obese and non-obese subgroups are shown in Table 1 . Mean PP was higher among boys (P < .001), blacks (P < . 02), obese by BMI (P < .001), and those with high WC (P < .001) and high BP (P < .001), but did not differ by other demographics and clinical characteristics as shown in Table 2 .
We noted a significant increase (P < .001) in systolic BP in the obese children of both age groups: ages 6-12 and 13-17 years; however, diastolic BP was only significantly increased among obese 6-12-year-old children (P =.002), did not vary significantly among the [13] [14] [15] [16] [17] year olds. Pulse rate was significantly higher among the obese in both age groups. On the other hand, PP was significantly higher only in the 13-to 17-year-old obese children (Table  3) . Differences in pulse rate and PP were also illustrated as bar graphs in Figure 1 .
The odds ratio for wide PP was significantly higher in boys, Blacks, those who were obese by BMI, and in those with higher WC. However, after adjusting to relevant covariables, the odds ratio for wide PP for the entire cohort remained significant only for boys, blacks, and those with high WC (Table 4 ).
Discussion
According to our findings, in children between the ages of 6 and 17 years, the prevalence of obesity was greater among Blacks, Hispanics, in children who were above average in height, and those with high waist circumference and who had high BP. The mean PP differed significantly by gender, ethnicity, and obesity status. Furthermore, independent associations between wide PP and males, Blacks, obesity, and high WC were also observed but, after multivariable adjustment, obesity did not reveal a significant independent association with wide PP. These findings suggest obesity is associated with an increased risk for wide PP, but is unlikely to be causal.
PP is a surrogate of vascular function and a known CV risk factor in adults. 24 In the Bogalusa heart study, there were significantly more obese children in the higher PP quartile compared with non-obese children, independent of age, ethnicity, and gender. 25 In our study, obesity, defined by BMI percentile, was more highly correlated with high PP (defined as being in the 4th quartile), but after multivariable adjustment we found it did not have an independent association of a greater likelihood of having a higher PP suggesting the association is mediated by other factors. However, WC, a measure of central obesity, which is another risk factor for CV disorders, [16] [17] [18] was independently associated with a significantly increased likelihood of having a PP in the 4th quartile. Studies by Mehta et al revealed that, although WC and BMI were independent predictors of left ventricular mass index, WC predicted altered left ventricular function better than BMI in children between the ages of 3-19 years. 26 This may suggest that central obesity perhaps plays an important role in the development of CV disorders more so than obesity defined by BMI percentile.
Our data also revealed that there was a significant increase in pulse rate among obese children as shown in Figure 1 . This finding is consistent with previous study by Baba et al. 27 The increase in pulse rate in obese children in this study did not appear to have a consistent direct effect on PP because the latter was only increased in the older age group.
When we analyzed the data on PP among different ethnic groups, we found Black children had a higher prevalence of wide PP and high mean PP in comparison to Whites. This could be a result of an increase in the sympathetic tone and peripheral vascular resistance that was reported previously by other investigators. 28, 29 When this occurs, it can lead to a preferential increase in systolic BP, which in turn can lead to increase in PP. In addition, the prevalence of obesity is also known to be high among these children, 30 which is another independent contributor of high vascular resistance. 31 Together, they could lead to an additive effect on PP. The results from the THUSA BANA (Transition and Health during Urbanization in South Africa in children; bana = children) study revealed associations between several dietary components and CV parameters such as abnormal arterial compliance, increased stroke volume, increased peripheral vascular resistance, and wide PP in Black children who had hypertension. 32 This supports a possible hypothesis that a culture-specific dietary factor(s) could have also played a role in the difference in the mean PP and increased independent risk of wide PP.
The major strength of this analysis is that this study was based on a representative sample of national data obtained from a large number of US children and adolescents. Other strengths include the use of rigorous, quality control monitoring, a standardized BP protocol, calibrated equipment, and well-trained examiners. In addition, the primary variables examined in this study require no extra cost because PP can be determined from systolic and diastolic BP values that are routinely obtained during regular health visits for virtually every child. Although WC is not measured routinely during clinic visits, it is an easy measurement to obtain because it only requires a measuring tape and the teaching of the technique to medical staff. A limitation of the study is that BP measurements were obtained on only 1 day, and not on three separate occasions as recommended in the 2004 pediatric BP guidelines. 23 Thus, we do not know if the children with higher BP were truly hypertensive. Second, there were no data on other potentially relevant information such as physical activity, psychosocial factors, and dietary intake, and therefore, these could not be taken into consideration during the analyses.
In conclusion, because the United States has witnessed widespread increases in the prevalence of obesity over the past few decades among children, the growing fear of high future health costs prompts the need for reliable and cost effective methods for early detection of chronic and complicating CV conditions. PP is an easy to assess marker and an independent risk factor for CHD and left ventricular dysfunction in adults. Further prospective studies should be conducted to identify a true independent risk association between PP and central obesity as well as its long-term effect on CV outcomes. In the future, PP and WC should be perhaps included in the study designs of clinical trials and therapeutic strategies that are aimed at long-term CV risk reduction in young children. Odds ratios for wide PP by demographic and clinical characteristics using multiple regression analysis in the total population of 6-to 19-year-old children 
